INTRODUCTION
The enzymic restructuring of cell-wall polysaccharides in i o is widely held to be important in the control of plant growth [1] [2] [3] , abscission [4] and fruit ripening [5] [6] [7] . Wall enzymes that could restructure polysaccharides include hydrolases and transglycosylases [3] . However, the mere presence of these enzymes in a cell wall does not prove that they catalyse reactions there [3] . To test whether the enzymes do act in the walls of living cells, it is necessary to monitor the metabolism of their polysaccharide substrates in i o. Hydrolase action would decrease the M r of wall polysaccharides, and such decreases have indeed been seen during normal growth and in response to exogenous auxins or low pH [1, 2, 8] . However, there is currently no evidence that wall polysaccharides undergo transglycosylation in i o.
Xyloglucan is a major structural polysaccharide of primary walls. It hydrogen-bonds to, and probably tethers, neighbouring microfibrils [9] [10] [11] [12] . It was therefore of interest to investigate whether xyloglucan chains undergo transglycosylation in the walls of living plant cells. Xyloglucan endotransglycosylases (XETs) are widespread in land plants [13] [14] [15] [16] [17] [18] [19] , and numerous correlations between XET activity and wall loosening have been noted [5, 7, [20] [21] [22] [23] [24] . XET cuts a xyloglucan chain (donor substrate)
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and transfers the newly formed potentially reducing terminus on to the non-reducing terminus of another chain (acceptor substrate) [15] [16] [17] . In itro, the acceptor can be a high-M r xyloglucan or a short xyloglucan oligomer as small as a pentasaccharide [25] . Transglycosylation between xyloglucan chains in the cell wall could play a role in wall construction [8, 26, 27] and\or wall loosening [8, 14, 16, 21, 22, 25, 28] . Progress in testing these ideas has been hampered by our inability to say whether XET catalyses interpolymeric transglycosylation in i o. XETs are known to catalyse polymer-to-oligomer transglycosylation in itro [15] [16] [17] 25] , interpolymeric transglycosylation in itro [17, 29, 30] and polymer-to-oligomer transglycosylation in i o (although not necessarily involving wall-bound polymer) [13, 14] . However, there is no direct evidence for interpolymeric transglycosylation in i o.
Suspension-cultured plant cells are a convenient model system in which to study xyloglucan metabolism. They rapidly take up -[1-$H]arabinose and incorporate a substantial proportion of the radioactivity into [xylosyl-$H]xyloglucan [8, 27] . This incorporation proceeds via the scavenger pathway :
Arabinose arabinose 1-phosphate UDP-arabinose UDP-xylose the last step being catalysed by UDP-xylose 4-epimerase [31] . Thus radioactivity from exogenous [$H]arabinose is incorporated into the -arabinose and -xylose residues of polysaccharides, whereas the hexose and uronic acid residues are not labelled [31, 32] . Even without the use of a ' cold chase ', a single dose of [$H]arabinose is utilized rapidly enough to give labelling kinetics analogous to a pulse-chase experiment, in which the pulse (1-2 h) is 10 % of a cell cycle [8, 27] . Most of the newly synthesized [$H]xyloglucan binds to the walls very soon after secretion [27] . Rosa cells synthesize xyloglucan as relatively short chains (M r 10 000) (J. E. Thompson and S. C. Fry, unpublished work), but upon integration into the wall the chains increase in M r to $ 200 000 [8] , suggesting that xyloglucans covalently attach to one another during integration. Rapid increases observed in the M r of xyloglucan in stem segments in response to treatments that decrease wall extensibility [2, 33] also suggest covalent attachment. During the 2 days after wall-binding, Rosa xyloglucans are trimmed by, on average, 40 kDa and most of the degradation products are sloughed into the culture medium [8] . We suggested that the covalent attachment and\or trimming could be catalysed by XET [8] .
It is not straightforward to test for interpolymeric transglycosylation in i o because the substrates may be identical with the products of the reaction. Labelling experiments critically depend on the use of two independent labels : label (1) can be a radiolabel, but label (2) must provide the basis of a physical separatory method. By use of label (2) it would be possible to set up two separable populations of xyloglucan in the same cell wall ; subsequent transfer of label (1) from one population to the other would provide evidence for interpolymeric transglycosylation in i o. "%C\$H dual labelling is not suitable because there is no useful way of showing whether these two isotopes are part of the same xyloglucan chain.
In the work described here, label (1) was $H of relatively low isotopic enrichment. Label (2) was "$C of high isotopic enrichment, creating a population of high buoyant density ["$C]xyloglucan chains that were distinguishable from ["#C]xyloglucan by isopycnic centrifugation [34] . By $H-labelling one of these populations, we have sought to detect interpolymeric transglycosylation between the high-and low-density populations by monitoring changes in the density of the radiolabelled segments of xyloglucan. We have applied this strategy to test whether newly secreted xyloglucan becomes covalently attached to previously wall-bound xyloglucan.
MATERIALS AND METHODS

Cell cultures
Cell-suspension cultures of Rosa sp. (' Paul's Scarlet ' rose) were grown under constant dim light on an orbital shaker at 25 mC. Cells were subcultured every 2 weeks by 10-fold dilution into fresh medium [35] containing 2 % -glucose or 2 % glycerol as the sole carbon source. In the density-labelling experiments, the major carbon source was replaced by 0.5 or 1.0 % ["#C]-or ["$C]-glucose. (for an explanation of the abbreviated nomenclature, see [36] ), was prepared as described [20] .
Isotopically labelled chemicals
-[U-"$C]
Xyloglucan and Driselase
Tamarind-seed xyloglucan (M r $ 10') was kindly donated by Professor J. S. G. Reid, Department of Molecular and Biological Sciences, University of Stirling, Stirling, U.K. Driselase (Sigma Chemical Co., Poole, Dorset, U.K.) was partially purified by (NH % ) # SO % precipitation and desalting [37] . Isoprimeverose [α--Xylp-(1 6)--Glc] was prepared as described in [37] . 
Cauliflower XET (cXET)
Finely grated cauliflower florets (200 g) were homogenized (45 s in a blender) in 300 ml of ice-cold 0.35 M sodium succinate buffer, pH 5.5. The homogenate was incubated (0 mC, 2 h) with occasional mixing, then strained through muslin (four layers) and centrifuged (2500 g, 30 min, 4 mC). The supernatant was poured through Miracloth (four layers), dialysed against succinate buffer, labelled ' cXET ' and stored frozen at k70 mC. XET activity was assayed as follows. Substrate solution [20 µl of 0.3 % w\v xyloglucan ($ 60 pmol) containing 1.6 kBq of [$H]XLLGol ($ 80 pmol)] was mixed with cXET (10 µl of a 1:10 dilution in succinate buffer) and incubated at 25 mC. At various time points, replicate assays were stopped with formic acid (100 µl, 30 % w\v) and paper-binding $H-labelled products were assayed [16] .
Xyloglucan endohydrolase activity was assayed as follows. Xyloglucan solution (4 ml, 1 % w\v in water) was incubated at 25 mC with 0.7 ml of undiluted cXET (or 0.7 ml of succinate buffer as a control). At various time points the viscosity of the solution was assayed at 25 mC by measurement of the efflux time from a fine-bore 0.2 ml glass pipette. Time 0 in protocol A was the second change of carbon source ; in protocol B 1 it was the addition of [ 3 H]arabinose. In protocol B 2 , the initial medium contained [ 12 C]glucose rather than glycerol, and the carbon source was changed at k1 h. , time points interpreted in Figure 7 ; N, timing of samples taken for analysis on CsTFA4 gradients. glucose equivalents) in 200 µl of water was added succinate buffer (55 µl), followed by cXET extract (45 µl ; either active or denatured at 100 mC for 1 h). After 1 h at 25 mC the reaction was stopped with 1 ml of 30 % (w\v) formic acid. A portion (160 µl) of each assay mixture was subjected to gel-permeation chromatography (GPC) and the remainder to isopycnic centrifugation (with ["%C]acetylated xyloglucan as internal marker) ; to monitor the [$H]xyloglucan, we digested the GPC and CsTFA4 fractions with Driselase and assayed the products for [$H]isoprimeverose (see below).
Action of cXET on [ 13 C]xyloglucan in vitro
Use of [ 14 C]glucose to develop an in vivo density-labelling strategy
-[U-"%C]Glucose (260 kBq\2 ml of water ; autoclaved) was added to 40 ml of fresh medium containing 0.5 % (w\v) glucose and 5 g fresh weight of glucose-grown Rosa cells (4 days after subculturing). At time points up to 6 h, aliquots (2 ml) of the suspension were added to trichloroacetic acid [2 ml, 40 % (w\v)], filtered on glass fibre (Whatman GF\A) and washed with 20 % trichloroacetic acid. The residue (proteins, wall-bound polysaccharides etc.) was dried and assayed for "%C.
Density labelling
In Protocol A (Figure 1a) , ["#C]glucose-grown Rosa cultures (14 days after subculturing) were filtered through sterile muslin, washed with carbon-free medium (3i200 ml) and gently squeezed to remove excess medium. Cells (2 g fresh weight) were transferred into 50 ml of medium containing 1.0 % w\v ["$C]glucose (or ["#C]glucose in the control) and incubated for 7 days (three or four cell cycles), bringing the cells to a state of rapid growth [8] to deplete "#C pools of UDP-sugars and to saturate the wall with "$C-labelled polysaccharides.
[$H]Arabinose (12 MBq\2 ml ; autoclaved) was then added to radiolabel newly synthesized xyloglucan. After 6 h the cultures were filtered and washed with carbon-free medium (4i100 ml) ; cells (10 g fresh weight) were transferred into 50 ml of medium containing 1.0 % -["#C]glucose and 5 mM -["#C]arabinose [38] to compete with further incorporation of "$C and $H. Aliquots (4 ml) of the suspensions were dispensed into Sterilin polycarbonate pots (50 ml capacity). Pots were harvested at time points 1 h to 7 days after the "$C "#C shift. Wall hemicellulose was analysed by isopycnic centrifugation with ["%C]acetylated xyloglucan as internal marker.
In Protocol B " (Figure 1b ), glycerol-grown cultures (4 days after subculturing, and therefore rapidly growing [8] ) were filtered through sterile muslin, washed with carbon-free medium (3i200 ml) and gently squeezed. Cells (5 g fresh weight) were transferred into 40 ml of medium containing 0.5 % (w\v) ["$C]glucose (or ["#C]glucose in the control) and left under normal growth conditions for 20 min to deplete "#C pools. [$H]Arabinose (24 MBq\2 ml ; autoclaved) was then added. Aliquots (4 ml) of the suspensions were dispensed into Sterilin pots and harvestedIn Protocol B # , the experiment was repeated as in protocol B " except that glucose-grown (not glycerol-grown) cells were used, 1 h (not 20 min) was allowed for depletion of "#C pools and 12 MBq of [$H]arabinose was added.
Fractionation of cell polysaccharides
Cultures were quickly filtered on a Polyprep column (Bio-Rad) and washed with 6i5 ml of water ; the ' culture filtrate ' was stored frozen. The cells were frozen at k70 mC, resuspended in sonication buffer (20 mM Hepes\2 % Triton X-100\40 mM NaF, pH 7.0 ; 50 mg fresh weight\ml) and sonicated for 2 min in an MSE Soniprep-150 instrument (3 mm titanium probe ; 24 kHz ; 18 µm amplitude). The homogenate was immediately filtered on a Polyprep column and washed with 6i3 ml of sonication buffer ; the filtrate (' protoplast contents ') was stored frozen. The wall-rich residue was resuspended in 5 ml of 6 M NaOH containing 1 % w\v NaBH % [39] and shaken gently at 37 mC for 24 h. The suspension was then filtered on a Polyprep column and washed with 3i3 ml of NaOH\NaBH % solution ; the filtrate was acidified by slow addition of acetic acid, dialysed against water at 4 mC and stored at k20 mC (' hemicellulose extract ').
Buoyant density of xyloglucan
Dried [$H]hemicellulose ($ 16 kBq) and ["%C]acetylated xyloglucan (0.67 kBq) were dissolved in PyAW, mixed, and adjusted to 4.672 ml with more PyAW. The following were then added : 8 ml of CsTFA4 solution (2.03 g\ml ; Pharmacia Biotech), 347 µl of pyridine, 347 µl of acetic acid and 100 µl of 0.5 % Blue Dextran in PyAW. The mixture (density 1.60 g\ml) was centrifuged for 100 h at 18 mC in a polyallomer tube (Quickseal ; 16 mmi76 mm ; Beckman) in a Beckman 70.1 Ti fixed-angle rotor at 45 000 rev.\min ($ 100 000 g). This formed a stable gradient ($ 1.4-1.8 g\ml), which was fractionated by downward displacement with white mineral oil (13 ml\h). The density of each fraction was determined from the weight of 200 µl. A portion (50 µl) of each fraction was assayed for total $H and "%C after addition of 950 µl of water and 10 ml of Triton scintillant.
A 100 µl portion of each fraction was desalted on Bio-Gel P-2 (2 ml bed volume), equilibrated, and eluted with PyAW. The polymeric material was dried under vacuum and digested with Driselase (see below) to generate [$H]isoprimeverose.
Profiles of radioactive xyloglucan were plotted with a computer graph-drawing package (SigmaPlot). A built-in curve-fitting procedure was used to give a Gaussian curve, whose peak was taken as an estimate of the mean buoyant density of the xyloglucan.
Gel-permeation chromatography
[$H]Hemicellulose in 2 ml of PyAW containing markers (0.4 mg each of 5 MDa dextran and sucrose) was analysed on an 80-mlbed-volume column (1.5 cm diameter) of Sepharose CL-6B, equilibrated and eluted with PyAW at 7 ml\h. Fractions (1.5 ml) were collected ; 200 µl was assayed with anthrone [40] to locate the dextran (k av 0) and sucrose (k av 1) ; 200 µl was assayed for $H; 1 ml was digested with Driselase and the resulting [$H]isoprimeverose assayed.
Digestion with Driselase
Feeding of plant cell cultures with [$H]arabinose results in labelling of the cell walls in their -arabinose and -xylose residues, whereas hexoses, uronic acids and amino acids remain non-radioactive [31, 32, 35] . In cultured Festuca cells, the supply of exogenous [$H]arabinose resulted in labelling of wall-bound xylose residues to a specific activity approximately half that of the wall-bound arabinose residues [32] . The two major hemicelluloses of the primary walls of cultured dicotyledonous-plant cells are xyloglucans and arabinoglucuronoxylans, which are typically present at a ratio of between 2 : 1 and 5 : 1 [37] [8, 37] . Driselase contains many hydrolytic enzyme activities, including α-and β--galactopyranosidase and highly active α--arabinofuranosidase [37] that would quickly convert any α--Araf-(1 2)--Xyl or α--Araf-(1 3)--Xyl to monosaccharides. The only radioactive compound present in the selected disaccharide spot was therefore [$H]isoprimeverose : this has been verified by co-migration of the $H with authentic nonradioactive isoprimeverose on paper chromatography in five diverse solvent systems [41] and (after reduction with borohydride) by paper electrophoresis in molybdate buffer [41] ; in addition, acid hydrolysis gave [$H]xylose as the sole radioactive product, even after reduction with borohydride [41] .
Assay of radioactivity
Aqueous samples were mixed with 10 vol. of Triton scintillant [0.33 % (w\v) 2,5-diphenyloxazole, 0.033 % (w\v) 1,4-di-2-(5-phenyloxazolyl)benzene in toluene\Triton X-100 (2 : 1, v\v) ; counting efficiency : $ 50 % for $H; $ 95 % for "%C). Samples on dried paper were soaked with 2 ml of non-Triton scintillant [0.5 % (w\v) 2,5-diphenyloxazole\0.05 % (w\v) 1,4-di-2-(5-phenyloxazolyl)benzene in toluene ; counting efficiency for $Hsugars $ 7 % ; for [$H]xyloglucan $ 42 %). Staining the paper chromatogram, under the conditions described, did not significantly affect the detection of $H (results not shown). 
RESULTS
Buoyant densities of polysaccharides
In vitro test of the ability of dual-labelling experiments to detect interpolymeric transglycosylation
Characterization of the cXET extract
The cauliflower extract had high XET activity in a radiochemical assay of polymer-to-oligomer transglycosylation : 1 µl of cXET catalysed the incorporation of 2.7 µM [$H]XLLGol (oligomer) into 0.2 % xyloglucan at 16 pmol:h −" (Figure 4a ). Endohydrolase activity, assayed viscometrically [42] , was low (results not shown) and did not preclude the estimation of mean buoyant density in CsTFA4.
Action of XET on dual-labelled substrates in vitro
To validate the dual-labelling method for detection of interpolymeric transglycosylation, we incubated a mixture of ["$C,$H]xyloglucan and ["#C,"H]xyloglucan for 1 h with active or boiled cXET. Before incubation, the two xyloglucan samples had similar M r profiles on Sepharose CL-6B ; on incubation with 
... ). The density gradient is shown ( ).
active cXET, the xyloglucans did not change their M r (results not shown), which shows that negligible endohydrolysis occurred. Also, no $H-labelled oligosaccharides or monosaccharides were produced, showing that α--xylosidase was absent or unable to act on the high-M r xyloglucan used. However, the mean buoyant density of the [$H]xyloglucan decreased from 1.611 to 1.601 g\ml (Figure 4b ), indicating that segments of ["#C]-and ["$C]-xyloglucans became covalently attached to each other.
The most plausible explanation for such covalent attachment is endotransglycosylation, catalysed by XET. No xyloglucan exotransglycosylase is known : plant exoglycosylhydrolases that could potentially act on xyloglucans (α--fucosidase, β--galactosidase and α--xylosidase) are not known to catalyse transglycosylation at the low substrate concentrations used in the present work, and they are more active on xyloglucan oligosaccharides than on high-M r xyloglucans.
Thus, although impure XET was used in this experiment, the data suggest that interpolymeric endotransglycosylation can be detected in itro by a "$C\$H-labelling strategy.
Use of [ 14 C]glucose to develop a density-labelling strategy
In the presence of 0. 
Dual-labelling experiments to detect interpolymeric transglycosylation in vivo
Protocol A (Figure 1a The initial difference in density (∆ρ) between the wall-bound Protocol B 1 (Figure 1b) Protocol B " was designed to set up a labelling pattern (Figure 7b ) by which we could determine whether the integration of ["$C,$H]xyloglucan into the wall was accompanied by its covalent attachment to existing wall-bound ["#C,"H]xyloglucans. Both Figure 1b) .
The experiment was a pulse-labelling in which the synthesis of [$H]xyloglucan was essentially restricted to a period 1-2 h after the feeding of [$H]arabinose [8, 27] . Despite this, the density of the [$H]xyloglucan in the "$C-fed culture increased (significant positive gradient ; P 0.05) during the 7 days after the ["#C]glycerol ["$C]glucose shift (Figure 8b ). This indicates that covalent attachment of newly secreted ["$C,"H]xyloglucan to "#C,"$C,$H-labelled wall-bound xyloglucan exceeded any transglycosylation between the "#C,"$C,$H-labelled wall-bound xyloglucan and older wall-bound ["#C,"H]xyloglucan. The latter process would have tended to decrease the density of the $Hlabelled material.
Protocol B 2
To test whether the low initial ∆ρ in protocol B " was due to excessive carry-over of ["#C]glycerol into the "$C-fed cells, we performed an experiment similar to that in Figure 1(b) , but with . The data therefore confirm that newly secreted segments of xyloglucan become integrated into the wall at the same time as becoming covalently attached to previously wall-bound xyloglucan chains.
["#C,$H]Xyloglucan in the control culture again showed little change in density over 7 days (Figure 9b) . [$H]Xyloglucan in the "$C-fed cells appeared to undergo a small increase in density, as Other details are as in the legend to Figure 8. in protocol B " , but the positive gradient was not significant (P l 0.17). The lack of a decrease in density supports the conclusion that the covalent attachment of newly secreted xyloglucan to existing wall-bound xyloglucan exceeded any transglycosylation between pairs of previously wall-bound xyloglucan molecules.
DISCUSSION
Methodology
CsCl has long been used to band DNA [34] , which has a relatively low density owing to its deoxysugar. RNA and polysaccharides in general have too high a density to band in CsCl [44] . CsTFA4 was introduced for analysis of RNA because (a) CsTFA4 can form solutions of higher density than CsCl, and (b) polymers become more highly hydrated and therefore exhibit a lower buoyant density in CsTFA4 than in CsCl. To our knowledge this is the first report of the use of isopycnic centrifugation in CsTFA4 to study a plant-cell-wall polysaccharide, although it has been used for mammalian mucins [45] . ["#C]Xyloglucan from Rosa was successfully banded in CsTFA4 to give an approximation to a Gaussian curve with a peak buoyant density of $ 1.575 g\ml. Xyloglucan from "$C-fed Rosa cells exhibited an appreciably higher buoyant density.
In protocol A, the initial buoyant density of the wall-bound ["$C,$H]xyloglucan differed from that of the ["#C,$H]xyloglucan by 0.041 g\ml. A ∆ρ value of 0.041 g\ml represents an increase in buoyant density of 2.6 %. Dry [U-"$C]xyloglucan at 98.9 % isotopic enrichment would be 3.7 % denser than dry ["#C]-xyloglucan [assuming approximate composition (Glc ) -Xyl ' -Gal-Fuc) n ]. If the ["$C,$H]xyloglucan initially deposited in protocol A had been 98.9 % enriched in "$C, the 2.6 : 3.7 ratio would indicate that, in buffered CsTFA4 solution, 1 g of xyloglucan is effectively hydrated with 0.43 g of water.
$H-labelling under the conditions used would not appreciably alter the buoyant density of the xyloglucan because of the low isotopic enrichment and low concentration of the [$H]arabinose supplied.
By means of an in itro model experiment with cauliflower XET, we showed that interpolymeric transglycosylation can be demonstrated by the transfer of $H-labelled segments between equal-M r xyloglucans differing in buoyant density (Figure 4b ). Previous demonstrations of interpolymeric transglycosylation [29, 30] have relied on changes in M r . It was therefore feasible to use "$C\$H dual labelling to examine for the first time the occurrence of interpolymeric transglycosylation between xyloglucans in i o.
In the three in i o density-labelling protocols, the rapid utilization of [$H]arabinose enabled a $H pulse-chase type of experiment in which changes in the density of segments of wallbound [$H]xyloglucan could be monitored as they ' aged ' in a cell wall containing a majority of non-radioactive xyloglucan of a different density. In the non-"$C-fed controls of each protocol, the [$H]xyloglucan underwent little change in density ; the trend, if any, was a slight rise in density during the 7-day period of observation. A rise in density could be due to the loss of some residues of fucose (a deoxysugar). The behaviour of ["#C,$H]xyloglucan provided an essential reference against which to compare the behaviour of density-labelled [$H]xyloglucan.
The experimental approach reported here cannot be used to detect transglycosylation between xyloglucan molecules of the same age, because such molecules would all have the same initial density. However, the method does allow investigation of transglycosylation between a particular set of xyloglucan molecules and those synthesized either earlier or later. By varying the experimental design, we have obtained evidence for transglycosylation of xyloglucans with both younger and older molecules.
Interpolymeric transglycosylation in vivo
In protocols B " and B # , the initial buoyant density of the wallbound [$H]xyloglucan in the "$C-fed cells differed from that in the "#C-fed cells by a much smaller margin (∆ρ$ 0.020 g\ml) than in protocol A (∆ρ l 0.041 g\ml). Therefore, in the "$C-fed cells, the radioactive xyloglucan immediately after its binding to the cell wall was ["#C,"$C,$H]xyloglucan, whereas in protocol A it was a closer approximation to ["$C,$H]xyloglucan. In protocol A, the new ["$C,$H]xyloglucan was secreted into a "$C-labelled wall, whereas in protocol B it was secreted into a "#C-labelled wall. Thus the data indicate that newly secreted xyloglucans become covalently attached to existing xyloglucans during integration into the cell wall. The only known process that could achieve such covalent attachment in the apoplast is interpolymeric transglycosylation, catalysed by XET.
The gradual decrease in density of the [$H]xyloglucan in the "$C-treated culture of protocol A (Figure 6b ) strongly supports the conclusion that newly secreted xyloglucan (in this case ["#C,"H]xyloglucan) was integrated into the cell-wall matrix by transglycosylation between it and previously wall-bound material (in this case ["$C,$H]xyloglucan). In protocols B " and B # , the ["#C,"$C,$H]xyloglucan was designed to be sandwiched between a thick layer of older ["#C,"H]xyloglucan and a gradually increasing layer of younger ["$C,"H]xyloglucan (Figure 7b) . In this situation, the [$H]-xyloglucan could increase, decrease or not change in density, depending on the relative rates of two kinds of interpolymeric transglycosylation : (i) transglycosylation of the [$H]xyloglucan with newly secreted xyloglucan would tend to increase the density of the radiolabelled material, whereas (ii) transglycosylation with older xyloglucan molecules would tend to decrease it. Thus the observed increase in density of the radioactive xyloglucan in the "$C-treated cells (Figures 8b and 9b) indicates that the rate of interpolymeric transglycosylation between wall-bound xyloglucan and newly secreted xyloglucan exceeded any interpolymeric transglycosylation occurring between pairs of previously wall-bound xyloglucan molecules.
The present experiments did not provide evidence for or against the occurrence of interpolymeric transglycosylation between pairs of previously wall-bound xyloglucan chains in cultured Rosa cells. However, we demonstrated for the first time the interpolymeric transglycosylation of xyloglucan in the walls of living plant cells. The "$C\$H-dual-labelling technique developed here shows that newly secreted xyloglucan chains undergo interpolymeric transglycosylation with existing wallbound chains during and, we propose, causing the rapid binding of the newly secreted xyloglucans into the wall matrix.
